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Plant of The International Nickel Company, Bayonne, 
New Jersev, Where Monel Metal \> llefined 

Plant of The Bayonne Carting Co., Bayonne, New J 

Where Monel Metal Castings arc Made 
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Views of Foundrv, Bavonne Casting Co 
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Introductory 
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T is truly said that industry never creates a 
demand that the engineer or metallurgist does 
not meet. 

Copper and bronze alloys served most purposes 
satisfactorily so long as they were only required 
to withstand alkaline or acid solutions. With, the 
growth of industry new conditions have arisen 
which call for metals possessing unusual qual- 
ities. There is a broad field for an alloy which 
will withstand acids, high temperatures and the 
erosive action of hot gases and superheated steam. 
Monel Metal, highly non-corrodible and with the 
strength of steel, meets these severe requirements. 
Monel Metal was first made ten years ago, and 
the demand for it has grown as rapidly as the 
knowledge of its characteristics could be spread. 

In the early stages of development, Monel 
Metal was supplied only for its high tensile 
strength and relative immunity to corrosion, while 
at the present time Monel Metal has many di- 
versified uses. 

It is the endeavor of The Bavonne Casting 
Company in issuing this pamphlet to direct at- 
tention to the physical properties of Monel 
Metal, the forms in which it is sold and its gen- 
eral uses. It is our further puipose to co-operate 
in every way with the users of Monel Metal in 
order to insure its satisfactory application and 
service. Some of the methods of treatment are 
not very generally understood and it is our de- 



Q sire that any consumer wishing technical advice 

or information will communicate with us. 

The Bavonne Casting Company 
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Test Pieces Monel Metal 



No. 1 

Test Piece. Cast Monel Metal 

Klastic l^imit 35,1 50 Lbs 

Breaking Strength. ,75,900 lbs 



No 2 

Test Piece. Monel Metal Pod 

Klastic Limit fin. 600 lbs. 

Breaking Strength. .98,000 lb 



Elongation in _ 
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No. 3 



No. 






Hot Point IV' Rod 

Rod Knotted Cold 



Klongation in 1" 

Xo. A. 
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I 5 ' 
Cold Bend 1 U " 3 tod 
s0 e. — 1" Rod Threaded and 
I t cold on itself without 
fracture 
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Physical Characteristics 

OXEL METAL is not a synthetic alloy, but is a 
natural combination of nickel and copper which is 
refined without changing the relation of the important 
elements, i. e. Nickel and Copper. These important 
elements bear the same relation to each other when the 
alloy is refined and fabricated as when taken from the 

m 

mines. The smelting and refining merely remove the 
undesirable elements. Monel Metal contains approxi- 
mately 67% Nickel, 2S C 7 Copper, and 5% other metals. 

The ore is mined and smelted in Ontario by The Inter- 
national Nickel Company, who are the sole producers and 
refiners of Monel Metal. The metal in the form of matte is 
shipped to the Orford Works of The International Nickel 
Company, at Bayonne, New Jersey, where it is refined and 
distributed for fabrication in the form of rods, castings, forg- 
ings, tubes, wire, strip stock, sheets, etc. Some idea of the 
varied uses for which Monel Metal has proved superior may 
beobtained by referring to pages 44 and 45. In nearly every 
instance where Monel Metal has been adopted it has re- 
placed some other metal that would not meet the require- 
ments. 

Monel Metal can hardly be distinguished from pure 
Nickel in color; in tensile properties it closely resembles 
steel, as can be seen by referring to the table of physical 
properties and tensile tests on pages 8 and 9; it is tough 
and ductile and can be machined, forged, soldered, brazed 
and welded by the electric or oxv-acetvlene method. 

It lends itself admirably to casting and many very 
intricate patterns have been cast successfully. In its 
cast form it has the great advantage of unusually high 
tensile strength. In rod form its tensile strength is also 
high, and it may be worked with equal facility either hot 
or cold. 

In addition to its resistance to corrosive conditions, 
Monel Metal also resists oxidation, due to its high 
nickel content, since nickel possesses in a high degree 
the property of withstanding the oxidizing influence of 
hot gases. 
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Table of Physical Properties 

Melting Point 1,360° C. (2,480° F.) 

Specific Gravity (Cast) S-S< 

Weight Per Cu. In. (Cast) 0.319 lbs. 

Weight Per Cu. In. (Rolled) 0.323 lbs. 



Coefficient of expansion, 

(20° C— 100° C.) 0.0000137.') per 1° C. 

Electrical Resistivity, 256 Ohms per mil-foot. 

(Temp. Coefficient) 0.001 1 per 1° F. 

Electrical Conductivity 4% (Copper 100% I 

Heat Conductivity 1/15 that of Copper 

Mi 

Shrinkage %" P?r foot 

Hardness Cast Material 20-23 (Shore Scleroscope) 

Hardness Hot Rolled Rods 27 (Average Shore Scleroscope) 

Hardness, Hot Rolled Rods 162 (Average Brinnell) 

Modulus of Elasticity 22,000,000-23,000,000 



Tests on Rods 

Tensile 

Averages of last fifty tests of each of the three divis- 
ions as given: 

Ultimate 
Yield Tensile 
Point Strength Per Cent 
Lbs. per Lbs. Per Elongation 
Sq. In. Sq. In. in 2* 

Up to 1 inch 63,126 94,562 40% 

1^6 inches to and including 

1% inches 61,963 93,104 39% 

1% inches to and including 

2Kb inches ^ 50,115 87,678 42% 

2J-2 inches to and including 

V/ 2 inches 43,805 85,282 44% 

Over Z]/ 2 inches 47,335 84,763 43% 

Rectangles 56,353 85,562 42% 

Hexagons 60,736 87,781 40% 

Torsional (Average) 

Shearing stress — Lbs. per sq. in. on remotest fibres: 

At Elastic Limit 31,796 

At Ultimate Load 79,053 

Compression 

Elastic Limit 25,500 to 32,000 Ibb. per sq. in 
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Tests on Castings 

Tensile 

(Average of 172 Heats tested for Isthmian Canal Com- 
mission) 

Yield Point 37,093 lbs. per sq. in. 

Tensile Strength 72,281 lbs. per sq in. 

Elongation in 2 in 34% 

Reduction of Area 32 " 

Compression 

Elastic Limit 12,000 to 25,500 lbs. per sq. in. 

Specifications for the Inspection 

of Materials, U. S. I 

(As in force Oct. 1, 1917) 

Sand Cast Materials 




Monel Metal 

Manganese Bronze 

Gun Bronze 

Steel — Special 

Class A 
Class B 



a 



u 



Yield Point 

Lbs. per 

Sq. In. 

Minimum 

32,500 
30,000 
15,000 
57,000 
35,000 
30,000 



Ultimate 
Tensile 
Strength 

Lbs. per Sq 
In. 

Minimum 

65,000 

65,000 

30,000 
90,000 

80,000 

60,000 



Rolled Materials 



Monel Metal 

Rounds and Squares: 
Up to and including 

1 inch 
1X6 inches to and in- 
cluding l^ie inches 
1*^ inches to and in- 
cluding 2/16 inches 
2}4 inches to and in- 
cluding 3}/2 inches 
Over 33^2 inches 
Rectangles 
Hexagons 

Manganese Bronze 

1 inch and below 
Above 1 inch 

Rolled Naval Brass 

Up to x /i inch 
\t> inch to 1 inch 
Over 1 inch 



Yield Point 

Lbs. per 

Sq. In. 

Minimum 

40,000 



50,000 

45,000 

37,000 
40,000 
40,000 
40,000 



Ultimate 

Tensile 

Strength 

Lbs. per Sq. In 

Minimum 

SO, 000 



85,000 
80,000 

75,000 
75,000 
75,000 
80,000 



72,000 
70,000 



36,000 
35,000 



60,000 
58,000 
54,000 



27,000 
26,000 
25,000 



Elon- 
gation 
in 2 in. 

Minimum 

2h°7e 

20 
15 

20 
17 
22 



/o 
it 

if 

i( 

it 



Elon- 
gation 
in 2 in. 
Mini- 
mum 

25% 



2S 



a 



30 



* i 



32" 
32" 
32" 
32" 



28 " 
30 " 



35 " 
40 " 
40 " 
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Influence of Increased Tempera- 
tures on the Strength of Monel 
Metal as Compared with Cer- 
tain Other Metals and Alloys 

THE strength of various metals and alloys at ordinary 
temperatures is well known and the selection of the 
proper size piece of a suitable material is compara- 
tively easy. Little is known, however, of the strength 
of these materials at higher temperatures and it is only 
by extended investigation of pieces tested at these tempera- 
tures that a safe basis for selection may be obtained. 

Through the courtesy of the "Valve World" we are 
able to present the results of an extended investigation by 
Messrs. Bregowsky and Spring of the Crane Company, 
Chicago. These tables show both the tensile and tor- 
sional strengths of Monel Metal at varying temperatures. 
We are unable to cover this subject completely in the 
present limited space and w r ill be very glad to furnish 
further details and tests to those who are interested, in- 
cluding the results of a set of tests made in the Physical 
Laboratory of the International Nickel Company. We 
have also prepared a list of the more important journal 
references. This is at the disposal of those who w r ish to 
inquire for it. 

The following tables give comparisons with most of the 
metals in ordinary use, and reference to them shows that 
Monel Metal is superior to the majority in this respect 
both where its tensile and torsional strength at high 
temperatures are concerned. It is naturally greatly 
superior to the usual anti-acid metals such as copper 
and bronze alloys, all of which have low melting points. 

Some idea of its ability in this respect may be had 
from a few typical comparisons. For example, at 70° F., 
the tensile strength of 30% rolled nickel steel is 94,-198 
lbs.; that of rolled Monel 104,900 lbs.; at 10::0 o F., 
nickel steel shows but 36,350 lbs., Monel Metal 47,200 
lbs. Where torsional strength is concerned, 35% nickel 
steel shows but 25,350 lbs. at 800° F., while the torsional 
strength of Monel Metal at the same temperature is 40,610 
lbs., other comparisons being even more favorable, viz.: 
3^2% nickel vanadium steel at S00° F., 14,340 lbs.; open 
hearth machinerv steel 26,530 lbs. 
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Influence of Temperature upon 

Tensile Strength 

* 

Rolled Rod Brass 

Tensile Elastic 

Fahr. Strength Limit Elongation Reduction 

Lbs. per Sq. in. Lbs. per Sq. in. percent, in 2" of Area 

70° 54450 45000 16.4% 18.0% 

7 o 34 . 2% 



300° 52700 43200 26.6% 34 2% 

450° 49000 39100 21.9% 26.0% 

525° 

600° 35050 23735 14.9% 17.8% 

750° 18740 15050 17.2% 21.3% 

950° 

1030° 



Rolled 30% Nickel Steel 



950° 

o 



Rolled Monel Metal 



i 



50 



o 



inane ©atommh cawti 




ii 



70° 94498 39S50 51.2% 59.8% 

300° 97000 37100 64.1% 65.0% 

450° 84950 32250 62.5% 65.0% 

525° 83000 26200 59.4% 66.8% 

600° 69575 25650 56.3% 72.6% 

750° 45650 21100 43.0% 59.4% 



1030 u 36350 15500 37.5% 55.7% 



70° 101900 78350 31.3% 61.7% 

300° 97400 58500 29.7% 57.8% 



450° 97800 58690 29.7% 51.0% 

525° 96400 58400 32.8% 59.5% 

600° 89600 57950 32.8% 59.5% 

750° 67600 42550 28.1% 58.1% 



950° 

1030° 47200 26800 28.1% 60.7% 

Cold Rolled Shafting (Bessemer) 



70° 82S0O 76800 21.9% 49.5% 

300° 91850 77100 21.9% 39.1% 

450° 96083 72850 21.9% 38.7% 

525° 96250 75300 18.8% 37.5% 

600° 88525 54275 25.0% 44.2% 



950° 39250 30500 35.2% 7S.0% 
1030° 
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Influence of Temperature upon 

Torsional St 

7/g* Rolled Monel Metal 




th 



Fahr. 

70° 
3s.-.° 

600° 
-00° 



Torsional 
Strength 

94010 




Of 



Elastic 
Limit 

45510 

3: '10 



72i" '0 
40610 




10910 




If 



Rolled Monel Metal 



70° 
385° 

600° 



800 







91990 

78030 

( 54210 

\ 59591 

38000 



37780 
36140 

1980 
2612 

10680 



35 Carbon Cold Rolled Steel 



70° 
385° 

600* 

00" 



S3840 
76050 
5920 
00 

7iwi 



( 159 
(1710 



42540 

I i8l li ) 

2040 
409" 
1 



Vanadium Tool Steel 



70° 

385 

00° 
^00° 



13729 

1240*0 

(.7710 



1100 

37*50 
17 



51200 

43780 

14190 



Rolled Rod Rrass 

70° 

: 85° 

600° 

-00° 

Tobin Bronze 

70° 

3 

600° 
800° 

Elephant (Phosphor) Bronze 




22 1 f. 

41" 



61200 
60 



21 ".0 



•*i 








SW) 



1' 
327 



70° 

385 

eoo 

Delta Metal 

70° 
3 ° 
600° 



70000 
51<»20 
199. 



34250 

2 J1O 



61630 

4_ 



►40 
14600 

1300 



Twist 



12 turn- 150° 
5 turns 0° 

5 turns 207)° 

6 turns 240° 



11 turns 150° 
4 turn- 320° 
4 turn- 340° 
4 turns 90° 
7 turns 50° 



2 turns 280° 

2 turns 30° 

8 turns 230° 

9 turns 195° 
39 turns 195° 



turn »15° 

1 turn- 2.50° 
turn- 320° 



2 turns 225° 

2 turns 185 

5 turns 40° 



1 turn- 1 

4 turns 0° 

4 turns 17)° 

; turn 5° 



12 turns >° 
1 turns 217)° 

17, turn 200° 



turns 180* 

I turns: 5° 
4 turn- 300° 
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Influence of Temperature upon 

Torsional Strength 



Parsons Manganese Bronze 



Fahr. 
70° 

385° 
600° 



Torsional 
Strength 

61630 
37630 

8980 



Elastic 
Limit 

22040 
13060 




Twist 

2 turns 5° 

3 turns 110° 
2 turns 10° 



Cold Rolled 



70° 




600° 
800° 



Shafting 

72400 
82350 
41175 
12350 



41050 




'C 



26350 
6550 



3 turns 152° 

1 turns 265° 

16 turns 0° 

8 turns 132° 



Cumberland 

70° 
385° 
600° 
800° 



Cold Rolled Shafting 



68990 
77210 




17250 



42710 

29430 

25460 

0934 



3 turns 180° 

1 turns 345° 

9 turns 115° 

12 turns 0° 



Openhearth Machinery Steel 



70° 
385° 
600° 
800° 





33061 
26530 



24530 
9830 
7310 
2450 



7 turns 130° 

3 turns 190° 

12 turns 120° 

6 1 turns 260° 



3^% Nickel Vanadium Steel 



70° 
385° 
600° 
800° 



101200 
82500 
1 9509 
14340 



57200 

36200 

13060 

8560 



3 turns 
3 turns 
3 turns 
8 turns 



140° 
10° 

110° 
35° 



25% Nickel Steel 



70° 

385° 

600° 
800° 



91900 
/ 64490 

\ 66650 

42300 



17250 
8150 
9050 
6560 
6560 



9 turns 30° 
8 turns 115° 
8 turns 230° 
8 turns 40° 
8 turns 132° 



30% Nickel Steel 



^7/\0 



70 

385 



o 



600° 
800° 



104800 

/ 78550 

\ 84 1 50 

53 1 70 

25350 



21800 
15700 

20650 

10900 

0040 



11 turns 100° 

6 turns 330° 

7 turns 175° 
6 turns 195° 
9 turns 210° 
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A few of the many types of Impellers and 
Turbine Wheels cast in Monel Metal 
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Monel Metal Castings 

HP HE development in the casting of Monel Metal has 
covered a period of over eight years. In this time 
castings have been produced ranging in weight from 
a few ounces to 25.000 pounds each. The types and 
applications of these castings are too numerous and too 
varied to be covered in this booklet. Due to the fact 
that equal advantages are unobtainable with any other 
metal, Monel Metal castings have become an absolute 
necessity in the development and progress of many of the 
world's industries. 

The present plant of The Bayonne Casting Company 
is equipped to produce Monel Metal castings of any size 
up to 25,000 pounds in weight in one piece. Owing to 
our specializing in the production of Monel Metal castings 
for the past eight years, we have been able to perfect our 
organization and develop our plant and methods to a 
high degree of efficiency. 

During this period of development we have succeeded 
in producing a wide range of castings from patterns 
varying from very simple to the more intricate examples. 
We are accordingly in a position to produce good cast- 
ings in Monel Metal to meet an extensive range of re- 
quirements, or we will be glad to place our data and 
experience in casting Monel Metal at the disposal of 
our customers in order that they may make their own 
castings. We will also be glad to supply data showing 
the many applications for which Monel Metal castings 
have proved to be the only thing that would meet the 
requirements satisfactorily. 

Monel Metal castings have been shipped to all parts of 
the United States and to England, Italy, Japan and other 
foreign countries, largely for governmental use. One 
hundred thousand Monel Metal castings were used for 
transmission supports in connection with the construc- 
tion of the Panama Canal. On the opposite page are 
shown a few of the many types of castings which have been 
produced in our foundry. The larger water wheel cast- 
ing is one of seven produced for the Georgia Railway & 
Power Company's hydro-electric plant. These castings 
weigh 3,000 pounds each and the wheels run at high 
speed under a head of 000 feet, each unit producing 
18,000 horsepower at 5,014 r.p.m. 
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Set of Pump Cylinders cast of Monel Metal 
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Monel Metal was specified for this to replace bronze 
after repeated failures by this material, the trouble ex- 
perienced with bronze being pitting on the backs of the 
blades, due to the combined effects of corrosive gases and 
evacuation resulting from the high speed at which these 
wheels revolve. 

On page 16 is illustrated a set of pump cylinders, 
cast of Monel Metal for 10", 16", and 18" pumps, fur- 
nished by us, w r hich have been in use for nine years in the 
plant of The International Nickel Company. These 
pumps handle salt water from the Kill-von-Kull, which 
is highly polluted by sewage and chemical waste, acids, 
etc., from the various manufacturing plants adjacent to 
it. After several years of service these pumps show no 
signs of deterioration. 

As a typical example of the numerous instances in which 
Monel Metal has proved its superiority in a field un- 
thought of in earlier years, its successful displacement of 
bronze in the refining of petroleum may be cited. The 
bronze plugs employed in the Burton gasoline stills had 
an effective life of but six weeks to a few months. After 
a year the first Monel Metal plugs furnished to the Stan- 
dard Oil Company were still in service, and showed 
no sign of deterioration, so that at the present time their 
effective life cannot be determined. As a result, these 
stills in all parts of the country have been furnished with 
over 80,000 Monel Metal plugs. 

In view of the fact that castings vary greatly in difficulty 
of moulding it is not possible to quote a fixed figure. 
Prices will be made on receipt of patterns or detailed blue 
prints. 




Monel Metal Plugs for Burton Gasoline Stills 
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Some Typical Sections of Monel Metal Trimmed Valves 



for Superheated Steam 



1. Edward Valve & Mfg\ Co. 
3 & 4. Chapman Valve & Mf g. Co. 



2. Foster En?. Co. 
5. Pratt & Cady 
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Monel Metal for the 

Modern Power Plant 

Monel Metal Trimmed Valves 

OR the high duty service demanded by super-heated 
steam, valves having a body of cast steel are required. 
Monel Metal has a great advantage in this connection 
in that its coefficient of expansion is nearly the same as 
cast steel. The result of this fact is that Monel Metal 
seats, discs, etc., expand and contract with the steel at 
about the same rate, suffering no changes of size or shape 
with repeated heating and cooling. Brass and bronze 
seats expand at a greater rate and become loose and dis- 
torted after the valve has been heated and cooled a few 
times. 

The resistance w T hich Nickel offers to the eroding and 
corroding effects of hot steam is well known. Monel 
Metal also possesses this property by virtue of its high 
Nickel content. The tensile strength of Monel Metal 
castings averages 70,000 pounds, while rolled Monel 
Metal shows an average tensile strength of 88,000 pounds, 
with a yield point of 54,000 pounds. Consequently it 
has a very substantial margin of safety over all ordinary 
demands for valve work. 

Not only does Monel Metal possess these high strengths 
at ordinary temperatures, but it retains them in a large 
degree at the temperature employed in superheated steam 
work. Thus, according to results published in the 
Valve World of January, 1913, cast Monel Metal at 600 
F., compared with the same metal at 70° F., retains — 

73% of its elastic limit 
75% of its tensile strength 

while rolled Monel Metal retains — 



© 






74% of its elastic limit 
85% of its tensile strength 

Under torsional test at the same temperatures, hot 
rollel Monel Metal rods retnin 09% of their torsional 
elastic limit and 70% of their torsional strength. 

In the illustration of a section of a Chapman gate 
valve, the seat, gates or discs and the spindle seat are of 
cast Monel Metal, while the spindle itself is of rolled Monel 
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Representative Power Houses usins* Monel Metal Valves 

1. X. Y.X.H. & H.. Cos Cob, Ct. 2. Boston. Mass. 

3. Mass. Inst, Tech v. 4. Ford Motor Co. 

5. Xew Bedford Gas & Electric 6, Buffalo Gas & Electric 

7. Lowellville, O., Gas & Electric 
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Metal. The Chapman Valve Manufacturing Company 
states in this connection: 

11 Monel Metal is non-corrodible and is ideal for valves 
working at high temperatures/' 

Writing us further on this subject they state: 

"We recommend steel valves with complete Monel 
Metal trimmings which consist of spindles, seat rings and 
male and female gates, as shown by our list 65^ Super- 
heated Steam Steel Valves, in our catalogue No. 32, 
pages 141 to 149 inclusive. This is our best valve and 
is used on any pressure up to 600 pounds w r orking steam 
pressure, under a total heat of 800° F. 

Wherever we have put in the steel valves with Monel 
trimmings, we have experienced practically no trouble 
whatever and repeat orders for additional units is some 
evidence of actual worth. 

Yours very truly, 

The Chapman Valve Manufacturing Co., 

(Signed) E. O. Davis, 

Assistant Manager." 



The experience of the Edward Valve and Mfg. Co., has 
been equally favorable, as shown by their letter: 

" We have found that Monel Metal has no equal as a 
metal to withstand the action of high temperature and 
superheated steam. All of our high temperature and 
superheated steam valves have the seat, disc and stem of 
Monel Metal, and in our non-return valves the dashpot, 
seat, disc and stem are of Monel Metal. 

At the present moment we are building a complete set 
of steel valves in all sizes up to 6 inches, which will be used 
in a new pow T er station where the steam pressure will be 
350 pounds to the square inch, and the total temperature 
approximately 680° F. In these valves we have supplied 
Monel Metal for all the trimmings. 

Yours very truly, 
The Edward Valve & Mfg. Co., 
(Signed) E. C. Hitze, 



Manager Chicago Office. 
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Curtis Marine Type Turbine with Monel Metal Blading, 

of which a large number are building by 

The General Eleetrie Co. 
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Monel Metal in Turbines 

THHE use of any material for turbines depends upon 
■■- four unrelated or only partially related qualities 
and the selection of the material for use under any cer- 
tain set of conditions depends largely upon the relative 
weights that are given to these qualities. These prop- 
erties are: 

1. Ease with which the material can be produced in 
the required shape. 

2. Strength at elevated temperatures. 

3. Resistance to the erosive action of steam. 

4. Resistance to corrosion. 

Based on these qualities, materials for turbine blad- 
ing have generally been taken from three classes of ma- 
terials, brass, Monel Metal and nickel steel. Each of 
these materials to some extent, fulfills the four requirements 
just enumerated. Each naturally falls short of the per- 
fection desired. Brass can be worked into the forms de- 
sired with comparative ease and economy. It is non- 
corrodible and resists the action of steam to some extent, 
but its strength is far from that necessary for the large, 
high speed machines now being built. Nickel steel is the 
antithesis of brass in these respects. Where strength is 
the one property demanded, it is most suitable but it 
does not possess that resistance to corrosion and erosion 
that is so desirable in all apparatus for handling steam. 

Monel Metal occupies a middle ground in its prop- 
erties between these two. It can be worked into all the 
necessary forms, while its resistance to the action of 
steam is remarkable. The turbine can be shut down 
without corrosion of the blades, and its strength, while 
not as great as that of heat treated nickel steel, is far 
superior to that of turbine brass. 

Furthermore, as shown by tables in another part of 
this pamphlet, it retains this strength at elevated tem- 
peratures to a remarkable degree. In view of these prop- 
erties, the rapid development of Monel Metal for tur- 
bine parts, chiefly for blading, is only what would be 
logically expected and we recommend it unqualifiedly for 
this purpose. Practically all naval vessels, many mer- 
chant ships, and quite a few industrial plants completed 
in the last few years have turbines fitted with Monel 
Metal blading. The consumption for this purpose dur- 
ing the past year exceeded 1,500,000 lbs. 
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Circulating and Air Pumps, Monel Metal Trimmed, 
International Pump Co., Blake & Knowles Works 



IF 






(SA^TEM 






24 



m 









ETAIL 



M 



Monel Metal for Pumps 

OXEL METAL where used for pump liners, rods, 
valves, etc., has proved its superiority over all other 
metals for this purpose due to its extreme toughness 
and resistance to abrasion and corrosion. This material 
has gradually become pre-eminent in this line. Monel 
Metal pump rods for ordinary pumping service will out- 
last the best grades of bronze several times over. In 
service these rods take a glass-like polish, which reduces 
the friction to a minimum. Due to this, the repacking of 
the pump is reduced by two-thirds. The packing does not 
harden, which, coupled with the non-corrosiveness of 
Monel Metal, virtually eliminates scoring. The advan- 
tages gained in ordinary service are more apparent where 
sulphuric acid, salt water and other acid or alkaline con- 
ditions are present. 

The photograph shows a group of pumps in the works of 
Worthington Pump & Machinery Corp. ; Blake & Knowles 
plant, comprising horizontal and vertical, single and dup- 
lex types for handling water and air, in process of con- 
struction. This group represents but few of the large 
number of pumps now being rapidly pushed to completion, 
all of which are equipped with piston rods, valve rods or 
pump cylinder linings, etc., of Monel Metal. As the 
manufacturer writes us, "Monel Metal was selected be- 
cause of its perfect, non-corrosive and acid-resisting proper- 
ties, together with the great strength and durability of the 
metal, it haiing all the virtues of copper without its draw- 
backs, and the strength of steel without any of its limitations." 

Where special conditions make it desirable, the entire 
pump body can be cast of Monel Metal, as in the case 
of the set of pump castings shown on page 16. These 
pumps have been in service a number of years handling 
a combination of sewage, salt water, and acids, and have 
shown no signs of deterioration in that time, while little 
or no trouble has been experienced with the packing. 
The steam end of these pumps is of the usual construc- 
tion, except that the piston rods are of Monel Metal. 

As the result of a number of years' experience, we have 
accumulated considerable valuable data concerning the 
use of Monel Metal for pump liners and rods, and will be 
glad to place this at the service of the prospective user 
of pumps for acid, alkaline, or other corrosive solutions. 
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Hurricane Rotary -Dyeing and Bleaching Machine of 

Monel Metal Complete 
Typical Monel Metal Spiders for Dyeing Machines 
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Dyeing Machinery 




UE to the nece ity of handling acid or strongly 
alkaline solutions, Monel Metal is very generally 
employed in manufacturing the parts of bleaching 
and scouring machinery and dyehouse equipment in gen- 
eral, where contact with these corrosive solutions is 
necessary. It enters into the construction of skein 
machines for dyeing wool and cotton: also for bleaching 
cotton and scouring wools and worsted. Likewi skein 
machines for dyeing silk, artificial silk or mercerized cot- 
ton, as well as for garment dyeing and bleaching machines 
for hosiery, underwear, etc. 

In some of the above machines, Monel Metal is used 
only for the propeller shafts and propellers employed to 

agitate the solutions, while in others it is employed for 

the tank as well, so that the entire machine outside of 
the operating gears, belt pulleys and the like is manu- 
factured of Monel Metal. This is true of the machine 

illustrated, about which the makers state: " We find that 
a machine built this way is suitable for practically all 
kinds of dyeing and bleaching and has the special advan- 
tage that it can be cleaned in a few minutes with water." 

Some of the solutions which Monel Metal has to with- 
stand in this industry are as follows: — 

For dyeing wool and worsted yarn, etc. : Solution glauber 
salts 20^', bisulphate soda 10 r ( , sulphuric acid 4%, 
at boiling temperature. Also acetic and oxalic acids in 
connection with sulphuric in the proportion of 0% to the 
weight of the material. 

Chrome colors. Sulphuric acid 5%, bichromate potash 
5% at boiling temperature in conjunction with the dye- 
stuff required. 

Manufacturers of dyeing machinery state further: 

"We have found Monel Metal resists the action of these 



chemicals where bronzes do not." 

" Monel Metal is superior to any other available metal 
for peroxide bleaching in that it forms no discoloring sedi- 
ment when put to this use and has no adverse effect on 
the bath or the goods being bleached, a meat that 

cannot be wade of cuut other metal. This makes it par- 
ticularly valuable where one and the same machine may 
be used for peroxide bleaching as well as dyein. 





(SA^TS 







o 



►7 
_ » 










TAIL 




Lionel Metal Crates, Pickling Pins, Tie Rods for Pi 

Tanks, etc., used with Pickling Machines 
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Monel Metal for Picklin 

UE to its greatly superior resistance to corrosion, 
Monel Metal has been found much more advantage- 
ous for use in pickling than bronze or any of the other 
acid-resisting materials. It is largely employed for 
pickling tank fittings, tie rods, bolts, washers, crates, 
pins, and other metal parts which are immersed directly 
in the acid solution. 

As experience is the best guide in matters of this kind, 
the prospective user can form his own opinion of its 
merits from the following letters: 

"We have used Monel Metal rods for tying together 
wooden pickling vats for several years. These rods have 
proven very satisfactory and far superior to the acid- 
resisting bronze rods which we used prior to that time. 
In pickling sheet steel we use 60% sulphuric acid diluted 
to about 7% solution, at 180° to 200° F. 

The Youngstown Iron & Steel Company, 

C. B. Cushwa, Gen. Supt." 

" We have used Monel Metal rods in the pickling of steel 
bars and sheets, and are very well pleased with them in- 
asmuch as the life of the Monel Metal rods is much greater 
than that of anti-acid Metal which we used heretofore. 

These rods resist the acid much longer than any other 
material we have ever used, and in addition to this they 
are much stronger, which is quite an item in drawing our 
tubs together and keeping them tight to prevent leakage. 
The pickling solution is 60% Sulphuric Acid to extent of 
10%, the bath being kept at boiling temperature. 

1 Allegheny Steel Company, 

Pittsburgh, Pa/' 

"We have used Monel Metal pickle pins that are ex- 
posed to 10% sulphuric acid up to 175° Fahrenheit for 
two years without appreciable loss. These pins are al- 
ways washed with water after they leave the acid. 

Monel Metal castings, such as rub plates, plugs and 
sockets, do not give as good service, but are better than 
any bronze we have ever been able to obtain. The prin- 
cipal reason for their failure is the fact that they are not 
washed off after immersion in acid, and the action of the 
acid and air will in time destroy them. 

The American Rolling Mill Company, 



Middletown, Ohio. 



j* 



MI IBATOMMH CAmTl 







29 









£ 




TAIL 




Lionel Metal Golf Club Heads are cast in all of the 

popular model-. 
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Monel Metal Golf Heads 




OLF CLUB HEADS that will not rust have been 
sought for years by every enthusiastic devotee of 
the sport, but such an ideal was not attainable until the 
advent of Monel Met ah Possessing all the qualifications 
of steel for this purpose with some characteristics that 
are superior, Monel Metal Heads compared with the iron 
or steel heads are in golf w T hat the self-starting 1918 
model is to the one-lunger of ten years ago in motoring. 

Endless attempts have been made to produce a non- 
rusting golf head by using alloys of other metals or by 
giving steel heads a special treatment, but the softness of 
these alloys made them of no practical value, while the 
special treatment given to steel or iron was not lasting. 

Every golfer has his own ideal of what his sticks should 
be. They must be right to a hair in weight, in balance, in 
lie, in breadth and length of head and other character- 
istics that make them just the thing for his individual play. 

Monel Metal Golf Heads are the product of many 

years' experience in turning out heads that will exactly 
meet these distinctive requirements, plus the quality of 
being absolutely non-corrodible, which makes them the 
expert golfer's ideal. Every time an ordinary iron or 
steel head becomes rusty it has to be buffed on an emery 
wheel. This cuts away more of the metal every time it 
is done, thus lightening the head and destroying the fine 
balance of the club. 

A little soap and water or rubbing with w T et sand will 
restore a Monel Metal Golf Head to its normal finish, 
which is the dull polish of a razor or the appearance of a 
nickel piece after some use. No amount of wear or 
cleaning will alter the finish or balance of the head. If 
desired, Monel Metal Heads may be given a high polish 
which will be found much more lasting than on other metals. 

In addition to having a tensile strength and hardness 
close to that of steel, a Monel Metal Golf Head has the 
further advantage of being more resilient. The ball 
leaves the club clean and with the right "feel." 

Monel Metal when cast has the properties of forged 
steel; therefore, it is possible for us to duplicate any head 
with ease and enables us to copy from the best models 
of the leading Scotch cleekmakers without variation. 





CA&TI 







31 












Monel Metal Rods 

MONEL Metal Rods are carefully rolled under ex- 
pert supervision in a modern mill. The process is 
practically that used in the rolling of steel. The ingots 
used are cast with large sink heads to insure sound metal, 
and before rolling they are chipped all over with pneu- 
matic hammers to remove all superficial defects. Ample 
allowance is made in the reduction of the ingot to the 
rod, so that the crystalline cast structure of the metal is 
most thoroughly broken up and a fine-grain uniform 
product obtained at the finish. 

The ingot is first heated to a proper temperature in a 
heating furnace, and then broken down or cogged to a 
billet of the proper size for the work at hand. This 
billet when cold is inspected carefully for cracks or flaws, 
which, if found, are chipped out with pneumatic ham- 
mers. Only sound billets are allowed to continue in the 
process. After inspection and preparation the cogged 
billet is again heated to the rolling or forging temperature 
and finished to the proper size and shape, according to 
the same procedure that is used in producing steel rods. 
In this operation attention is given to using a billet of 
sufficient cross sectional area to allow a thorough re- 
working of the material. 

The rods are very close to shape and size, having an 
excellent surface, and practically the same tolerance ap- 
plies to Monel Metal Rods that is in force on hot rolled 
steel. 

We are able to supply these rods in round, half oval, 
square, rectangular and hexagonal shapes. Heavy rods, 
such as those over 3}/£" diameter, are usually hammered 
(forged) instead of rolled. 

Besides the stock sizes of rounds, squares, and hexa- 
gons, a number of sizes of rectangles are also carried, and 
other sizes of rectangles can be obtained promptly from 
the mill. Round and square rods larger than the stock 
size specified can also be obtained promptly, and the 
mill facilities are such that large hammered rods can be 
obtained in any reasonable commercial size. 

The applications of Monel Metal rods, as in the other 
products, are many and varied. We might mention a few 
of the most important, i. e., Pump Rods, for which ser- 
vice Monel Metal is unequalled by any of the better 
bronzes. Every manufacturer should try at least one 
of these rods and become convinced of the economy of 
using Monel Metal throughout his plant for this service. 
Turbine blading and valve stems for power plants, both 
marine and stationary, demand a large tonnage of Monel 
Metal rods annually. Tie rods and pickle pins for steel 
mills, together with the various chemical industries also 
consume considerable quantities. 
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Weights of Monel Metal 



Squares, and Hexagons 




Weights per running foot 





Size 


Rounds 


Squares 


Hexagons 


Size 


Rounds 


Squares 


Hexagons 




A" 


.012 


.015 


.013 


i IV 


11.428 


14.550 


12.599 




Y? 


.048 


.061 


.053 


Mi 


12.178 


15.504 


13.426 




16 


.108 


.136 


.119 




13.747 


17.503 


15.156 




1 " 


.190 


.242 


.209 


2 V' 


15.411 


19.622 


16.991 




5 ft 


.297 


.379 


.327 


2 V 


17.171 


21.863 


18.921 






.428 


.545 


.472 


2 i 2 " 


19.027 


24.225 


20.977 




7 // 
16 


.583 


.742 


.643 


2H" 


20.977 


26,708 


23.127 




\/if 

72 


.761 


.969 


.839 


2h" 


23.022 


29.312 


25.382 




9 // 

16 


.963 


1 .226 


1.062 


97/" 


25.162 


32.038 


27.741 




/8 


1.1S9 


1.514 


1.311 


3" 


27.399 


34.884 


30.207 




U." 
16 


1.439 


1.832 


1.586 


$%" 


32.155 


40.940 


35.451 




H" 


1.712 


2.180 


1.887 


*W 


37.291 


47.481 


41.113 




ifr 


2.010 


2 .559 


2.216 


%V£ 


42.810 


54.506 


47.198 




1 /ft 

/% 


2.331 


2.968 


2.570 


4" 


48.706 


62.016 


53.698 




1|" 

16 


2.766 


3.407 


2.940 


4H" 


54.985 


70.010 


60.621 




1" 


3.044 


3.876 


3.356 


4H" 


61.644 


78.489 


67.933 




I A" 


3.436 


4.376 


3.788 


W 


68.714 


87.452 


75.757 




1H" 


O-OOo 


4.906 


4.248 


5" 


76.105 


96.900 


83.906 




W 


4.293 


5.466 


4.733 


5X" 


83 .908 


106.832 


92.509 




W 


4.756 


6.056 


5.243 


$H" 


92 .086 


117.249 


101.525 




W 


5.244 


6.677 


5.782 


5h" 


100.648 


128.150 


110.964 




m" 


5.756 


7.328 


6.346 


6" 


109.590 


139.536 


120.823 




17// 
1 16 


6.291 


8.009 


6.934 


6K" 


118.916 


151.406 


131.105 




1 1 £i* 

1X2 


6.849 


8.721 


7.551 


%W 


128.617 


163.761 


141.800 




1 16 


7.432 


9.463 


8.194 


m* 


138.703 


176.600 


152.910 




1^' 


8.039 


10.235 


8.863 


7" 


149.168 


189.924 


164.458 




1H" 


8.669 


11.038 


9.558 


1%" 


160.009 


203.733 


176.410 




■ wr 


9.321 


11.870 


10.276 


7H" 


171.238 


218.025 


188.790 




1 1 >, 


10.001 


12.733 


11.026 


7M" 


182.843 


232.802 


201.584 




t 7 " 


10.702 


13.627 


11.799 


1 8" 


194.827 


248.064 


214.797 



Monel Metal Rods are carried in stock in the following 

sizes " 

Rounds 3 A" to 2" by ftths 

2" to 3" by y s ths 
3" to 5" by 3^ths 

Squares H" to 2 " b V 3^ths 

Hexagons Y% to 2" by ^ ths 
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Monel Metal Sheets 

HE practice now followed in rolling Monel Metal 
sheets is the culmination of nine years' experience 
plus a great deal of experimental work. In the course 
of this w r ork trials were made with various shapes and 
sizes of ingots; methods of heating were investigated, 
special furnaces built and tested, and the problem of an- 
nealing and cleaning was very thoroughly studied. As 
a result, the established practice represents the best 
thought and endeavor, not only of the producers of Monel 
Metal, but that of a large number of other sheet special- 
ists who contributed their advice and assistance. 

The ingots used are ll"xll"x(30" weighing about 1,850 
lbs. each. These ingots are carefully chipped to remove 
surface defects, heated in soaking pits and rolled to sheet 
bars on a three-high bar mill. The resulting sheet bars 
are cut to length and cross rolled to sheets, using a heat- 
ing furnace designed especially for the heating of Monel 
Metal. These sheets are squared in guillotine shears 
and box annealed, using natural gas to remove the oxide 
formed in the hot rolling. The soft sheets are then cold 
rolled to insure uniformity of thickness and trueness to 
gauge. Following this, they are reannealed in boxes with 
charcoal to insure the complete removal of all oxide. 
Finally they are either roller, or patent, levelled and re- 
sheared to exact size, the light gauge sheets being crated 
and the heavier sheets bundled before shipment. By 
this method Monel Metal sheets are produced uniform 
in gauge and texture with soft, throughly deoxidized sur- 
faces which can be readily formed, stamped, spun and 
soldered. 

Hot Rolled Monel Metal sheets can be obtained in 
practically the same sizes and gauges as Hot Rolled Sheet 
Steel. 

The following are the stock sizes: 

Hot-rolled sheets from Xo. 8 to No. 26, measure 36"x96". 
Hot-rolled sheets from No. 4 to No. 7, measure 36"xS4". 
Hot-rolled sheets from No. 3 gauge, measure 36"x76". 

Cold-rolled strips, maximum width 12", from .010 to 
.250" thick. Lighter gauges can be made in narrower 
widths. 

For the production of cold-rolled sheets, sheet bars are 
used, produced as described above. These are first planed 
or milled to remove all defects, and insure an unblemished 
surface on the finished sheets. After milling, the bars are 
rolled cold on highly finished rolls to the proper size and 
gauge. These sheets are generally furnished soft-annealed 
but they can be supplied hard, or in any intermediate 
temper desired. 
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Wire Products 

I N the manufacture of low-temperature heating devices 
such as car-heaters, as well as of high precision elec- 
trical instruments, Monel Metal, owing to its good elec- 
trical properties, has proved very satisfactory. Monel 
Metal has a resistance of 256 ohms per mil. ft. and a 
temperature coefficient of ,0011 per degree F. Its prac- 
tically nil temperature coefficient is an important feature 
when Monel Metal is used for electrical purposes. 

Manufacturers of spark plugs have been using Monel 
Metal for electrodes for many years. When used in the 
heavier sizes it stands up under severe service, giving 
entire satisfaction. Practically all of the carburetors 
now manufactured in this country are furnished with 
needle valves of Monel Metal on account of its non- 
corrosive character. Wire rope in the form of tiller rope 
and sash cord has also been manufactured from Monel 
Metal for many years and is used in many places where 
great strength must be combined with non-corrodibility. 
In the manufacture of fountain-pens there are nrnny 
valuable uses for Monel Metal, owing to the corroding 
influences of various kinds of ink. This also is true in 
the case of fishing-tackle which comes in contact with 
corrosive elements, such as salt water. 

It is not possible to give a detailed description of the 
large number of applications of Monel Metal in this field 
but we would be glad to place at your disposal all data 
covering applications similar to your problems. Some 
of the numerous other applications of Monel Metal wire 
and rod products are: aeroplane parts, tie rods, snap 
fasteners, tacks, rivets, machine screw products, bolts, 
nuts, screws, escutcheons, buckles, parts for plumbing 
equipment, lock parts, eye-glass and spectacle mount- 
ings, surgical instruments, wood screws and washers, 
chains, metal trimming for office furniture, trunks, 
cameras and other similar articles. 

As Monel Metal can be readily soldered with killed 
acid, brazes easily and can be welded either electrically 
or by the oxy-acetylene torch, it is equally adaptable to 
composite as well as to one-piece construction in any of 
the fields mentioned. Owing to its ductility it can be 
used for practically all products of the screw machine. 
It can also be furnished in a hard 



making low tension springs. 

a spring material it has been used 

certain places where a non-corrosive 



temper suitable for 
While it is not essentially 

for this purpose in 
metal is desired. 



Monel Metal can be furnished in the form of wire or 
rod or rolled in the form of ribbon and can be supplied 
in coils, on spools, or cut to specified lengths. 
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Tools for Turning Monel Metal 

1. Roughing Tool 2. Threading Tool 

The border is only part of a typieal turning from 
Monel Metal Rod. The original was over 25 feet Ion 
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Working Monel Metal 

Machining Monel Metal 

ONEL METAL machines with a long, tough chip, 
as will be noted on the opposite page, in this respect 
resembling copper, but requiring more power to cut. 

Experiments made in our own laboratory indicate that 
rolled or drawn Monel Metal and mild steel require about 
the same power to machine. Cast Monel metal requires 
somewhat more power. 

Owing to the great toughness of the metal, tools with a 
keen edge are necessary in all machine work. These tools 
should be ground with a decided rake or lip, and only the 
better grades of high speed steel used. 

We have had recommended to us, by concerns using 
Monel Metal, several high speed steels that have given 
satisfaction — to wit — Poldi (OOOX-Extra), Rex A, Rex 
AA and Red Cut Superior. Stellite, a non-ferrous alloy, 
has also been recommended. 

Directions for treating tools are furnished by the 



manufacturers and are followed to advantage. 



Angles to 



which tools should be ground are shown on opposite page. 

Lubricants and cooling solutions are used by some, 
while others prefer to cut dry. For ordinary machine 
work Monel Metal may be cut dry very satisfactorily. 
Some of the lubricants that have given satisfaction are as 
follows : 



Lard Oil and 10% turpentine (fine boring). 

Machine Oil (general). 

Mineral Lard Oil, plus 300 test burning oil (thread 

Lard Oil — Borax and Aquadag (cutting off). 
Exanol (general). 
Oakite (milling). 



(i) 

(2) 
(3) 

(4) 
(5) 
(6) 

Cutting speeds vary greatly from a slow speed of 8 ft. 
per minute with heavy cut and feed, to a high speed of 
250 ft. per minute with light cut and feed. In the latter 
case a Stellite tool was used with machine oil for lubri- 
cant. A good average speed for general work would be 
from 50 to 60 ft. per minute with %" cut and -*$!' feed. 

Where a smooth, bright, finishing is desired, a higher 
speed with light cut should be used, always remembering 
that the tool must be kept sharp. 
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Annealing 



li/f OXEL Metal rods are annealed by heating to any 
temperature between S00 and 1000 degrees centi- 
grade, and the rods are progressively softened by 
increased temperatures between these two points. Heat- 
ing above 1000 degrees centigrade does not give any addi- 
tional softness. 

Monel Metal sheets are annealed by heating to any 
temperature above S75 degrees centigrade. The degree 
of softness obtained is dependent upon the amount they 
are heated above this temperature. 

Monel Metal castings are used as cast, without anneal- 
ing. 

In annealing Monel Metal the speed of heating and cool- 
ing is relatively unimportant, but it is essential that the 
material be held at the annealing temperature for a suffi- 
cient time to allow it to become heated through. Since 
the heat conductivity is low, this will take a considerably 
longer time than in the case of copper, brass or steel. It 
is recommended that Monel Metal be annealed wherever 
practicable buried in charcoal in tight boxes, so as to 
prevent the formation of oxide and it is possible to remove 
oxide alreadv formed bv this reducing anneal. 




Pickling 

ICKLIXG of Monel Metal is, at the best, an expensive 
and tedious operation, and it is advisable to anneal 
in charcoal wherever possible, so as to keep the metal 
from becoming covered with oxide. Where this cannot be 
done, pickling may be done as follows: 

Make a 12 -degree Beaume solution of ferric sulphate 
in water. A large excess of ferric sulphate does little harm 
to the metal and greatly decreases the time of pickling, 
but tends to increase pickle consumption. Sufficient 
ferric sulphate should be kept in the solution at all times 
to prevent any deposits of copper. This solution works 
best at 100 to 140 degrees F. 

Where the oxide is not too heavy, pickling can also 
be done with a hydrochloric acid solution of 1.1 specific 
gravity at boiling temperature. 
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In pickling Monel Metal, it should be kept strongly in 
mind that the scale is a mixed oxide of copper and nickel 
so that its solution puts copper in the bath, and also that 
Monel Metal has the property of cementing copper just 
as iron does. This cementation or "coppering" is pre- 
vented by the method described, but care should be taken 
to keep all iron pins and bars from any continued contact 
with the Monel Metal, and no iron band, wires or fasteners 
should be used. 

During pickling, part of the scale is dissolved and the 
rest remains adhering to the metal so that the progress of 
the pickling should be observed by removing a piece of 
metal from the bath and washing with a jet of water or 
rubbing with a piece of waste. When the scale becomes 
loose so that it mav be easilv rubbed off, remove the metal 
and wash it with a jet of water or scrub with a brush to 
remove all adhering scale. 





Forgin 

N forging Monel Metal experience has shown that 
the following details should be observed: 



1st. The best forging temperature lies between 900 
and 1100 degrees centigrade, and care should be taken not 
to exceed the latter temperature. 



2nd. In heating Monel Metal a low sulphur fuel is 
necessary, preferably oil or gas, and care should be taken 
not to have the flame conditions either strongly oxidizing, 
or strongly reducing. 

3rd. Care should be taken to have the metal heated 
uniformly, w T hich is best accomplished by repeatedly 
turning the ingot while in the furnace. 

4th. The heat should be carried well past the point of 
work. 

5th. If a forging of high strength is required, finish 
the forging at a temperature of 500-600° centigrade. 
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Polishing and Finishing Monel Metal 




To manufacturers of novelties, plumbing fixtures, auto- 
mobile trim, etc., it will be of interest to know that 
Monel Metal when polished and buffed takes the same 
finish and can hardly be distinguished from pure nickel; 
in fact, the color of Monel Metal is a trifle more attrac- 
tive. For these purposes there is now being furnished 
considerable Monel Metal in its various forms. 

In finishing Monel Metal, the instructions noted below 
will be found valuable. 



Castings 

In polishing castings it is necessary: 

1st — Use a solid stone, of which there are several grades and 
makes. We have found Norton Company's Grade 
"Q," Grain No. 20; also Carborundum Company's 
Grade "G," Grain No. 16, very satisfactory. 

2nd — A rag, wood, or canvas wheel coated with No. 40 emery. 

3rd — A rag, wood, or canvas wheel coated with No. 120 emery. 

4th — A rag, wood, or canvas wheel coated with No. 120 emery 
and finished with an ordinary bufT, using buffing com- 
pound. 



Hot Rolled Rods 

In polishing rods it is necessary: 

1st — A rag, wood, or canvas wheel coated with No. 90 emery. 

2nd— A rag, wood, or canvas wheel coated with No. 120 emery. 

3rd — A rag, wood, or canvas wheel coated with No. 120 emery 
and finished with an ordinary buff, using buffing com- 
pound. 



Sheets 

In polishing sheets it is necessary: 

1st — A rag, wood, or canvas wheel coated with No. 90 emery. 

2nd — A rag, wood, or canvas wheel coated with No. loO emery. 

3rd — A rag, wood, or canvas wheel coated with No. 150 emery 
and finished with an ordinary buff, using Imffing com- 
pound. 
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Manufactured Forms 



RODS — rounds, squares, hexagons, rectangles, 
half ovals. 



CASTINGS — from consumer's patterns 



FORCINGS. 



WIRE — annealed and hard 



WIRE CLOTH. 



WIRE ROPE. 



BALL BEARINGS 



STRIP STOCK 



TUBES. 




BOLTS and NUTS. 



LAG SCREWS. 



SCREWS — wood and machine. 
SCREW MACHINE PRODUCTS 



TIE 





NAILS AND RIVETS. 



CHAIN. 

GOLF CLUB HEADS 



All these forms are not manufactured by us, but we 
will be glad to refer you to the makers upon inquiry. 
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Some Uses for which Monel Metal 

has Proved Superior 

Power Plants 

(High Pressure Superheated Steam) 

H Valve trim (seats, discs, stems) for superheated and high 

pressure steam. 
j Turbine blading and shrouding, also various parts that 

come in contact with the steam. 
*f Valves and valve trim. 
*jPump liners, 
j Pump rods. 

Marine Installations 

(Salt Water) 
*J Pump liners. 
f Pump rods. 

* Propellers (small and large, from small launches to 

battleships). 
t* Propeller shafts and boat trim, such as deck fittings, stern 
bushings, rudders, struts, stuffing boxes, shaft sleeves, 

etc. 
+ Marine Condenser parts, such as tubes, ferrules, etc. 

Gas and Oil Engines 

(Extremely High Temperature) 

t Vah< for combustion engines (exhaust . 

* Ignition chambers for oil engines. 

w Wire — engine ignition, needle valves on carburetor*, 
cables, wire cloth, el trieal purposes. 

Pickling and Chemical Works 

(Acid Solutions at Various Temp* ures) 

* Tie rods — nuts and washers on vats for Tanners, Platers, 

Chemical Works, etc. 
f Bolts and nu md lag < n v in conden rs for Oil and 
Chemical trade). 



t* Pickling crato and frames for Rolling Mills, 
t Pickling Pins for Rolling Mills, 
t Tie Hods — Pickling Tanks for Rolling Mill 

* Pump liner- and r Is. 
*+ Valves and valve trim for use With chemicals. 

Dyehouse Equipment 

(Acid and UkaHne S >lutior 

*Dyeing ml bleaching machinery — part^ that come in 
contact with chemicals. 
*t+ Drying machine . 

*t Pump liner 
f Pump rods. 

* Castings 

t R lfAV 
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Mining Equipment 



+* 

+ 



f Mining machinery 
chutes, etc. 
+* Pump liners. 
f Pump rods. 



(Alkaline Water, Etc.) 
and equipment, mine screens, coal 



t Ball bearings. 



Automobiles 

(Exposure to Weather) 



*-r* 



T Auto fittings and parts — brake release lever grips, handles, 
etc. 

Dairy Equipment 

(To Insure Easy Sterilizing) 

w Dairy machinery — butter handling machines, milking 
machines, separators and pasteurizers, etc. 



Packing Houses 




(Salt Water) 



Jf*w Equipment in general, of Packing 



H 



ouses 



that 



comes in 



+* 

+ 



contact with brine and salt. 
Pump liners and rods. 



Miscellaneous Uses 

J Storage battery casings 

J Meat slicing and grinding machines. 

* Golf club heads. 

f * Parts of submarine torpedoes and ordnance, 
t Valve stems for high-pressure fire service. 

* Handles for knotters used in the Textile trades. 
tt*w Machinery and equipment for use in the tropics. 

1 Fountain pen parts. 
t*t Ink handling machines — bottle fillers, etc. 
*t Ornamental trim on Public Buildings. 
*t Mechanical conveyors and containers in furnaces for 

tempering and forging. 
*t Parts of equipment in Glass Factories that come in con- 
tact with hot glass. 
*J Incinerator and sewage handling machinery, 
w Wire netting and screens, 
t Burning points and racks for enamel ware makers. 

* Still plugs and parts for Burton stills (used in the pro- 

duction of gasolene). 
J Skylight frames and flashings for train sheds. 
Jft Laundry machine parts. 
Xtt Refrigerating machinery and refrigerators. 
tt Knives, forks and spoons, novelties, etc. 
tj Bank vault and safe trim handles, wheels, etc. 
*t Artificial limbs. 

Any information we may have on file regarding the above uses 

may be had on inquiry 
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